Abstract: For many thermal processes described by partial differential equations, parametric identification of the model can be performed by solving an inverse problem. Measurements noises occurring on one or several measured characteristic states have to be carefully taken into account in order to provide robust identification procedures. However, spatial inaccuracy of the sensor location is rarely investigated. In this paper, a thermal process is presented in order to study the effect of this class of measurement noises on identification robustness. Then the problem of optimal location of the sensor is stated.
INTRODUCTION
For many thermal processes, an accurate model, established from partial differential equations, can provide an efficient predictive tool and leads to the determination of optimal control procedures. The model structure (issued from an energy balance) is rarely questionable but when thermophysical characteristics of the material or heat exchanges are not well known, an identification problem has to be solved.
From temperature measurements, thermal evolution of the material is known and an inverse problem can be stated for which a cost function describing the error between the simulation and the observation has to be minimized. Measurements noises occurring on one or several sensors have to be carefully taken into account in order to provide robust identification procedures. However, spatial inaccuracy of the sensor location is rarely investigated and can sharply reduce the reliability of the results by introducing an important error.
In this paper, an experimental thermal process is presented in order to study the effect of this class of measurement noise on identification robustness. The thermal process is briefly exposed in the following paragraph. Then, the model describing the temperature evolution is written and leads to the formulation of a non linear partial differential equations system. Several numerical results are given in the case of stationary heat source and in the case of moving heat source. In both cases, thermophysical characteristics of the material are given and a direct problem is solved by a finite element method. In the fourth section, the determination of the unknown heating strength is considered. The inverse problem is solved by a least square estimation. The minimization of the quadratic criterion is achieved by a conjugate gradient algorithm. The sensitivity functions are estimated by solving the sensitivity equations and lead to the calculation of the descent depth of the minimization algorithm and to the determination of an optimal sensor location.
DESCRIPTION OF THE THERMAL PROCESS AND MODEL
The thermal process investigated in this paper (see figure 1 ) has been developed in the IMP-CNRS Institute. The circular heating source is made of inconel ( )
The spatial uniformity of the heat source is controlled by mean of a water circulation around its support. This source can be moved in the horizontal plane, very closely to the underneath sheet of metal . The motion is obtained with two step by step motors which are supervised by with a great precision. Temperature obtained on the surface of the heating source is uniform and can not exceed 1000K. Several sheet of metal can be used in order to study various thermal behavior : steel, copper or coated materials ... Domain dimensions are given in the following paragraph. A large investigation domain is offered by this experimental process : tracking of the heating trajectory, detection of the heating source (fault detection and diagnosis), identification of the heating strength, optimal sensor location for parametric identification or closed-loop control … Fig. 1 . Experimental apparatus. The methodologies developed in this communication can be used for several industrial applications :
• optimal control for welding processes, • hardening of steel due to application of high density of solar flux, see (Autrique et al., 2000) , • optimal experiment design for tribometer. In order to describe the temperature evolution of the sheet of metal heated by the circular source, a model is established. Let us denote by : • x ∈Ω , the space variable, where 3 Ω⊂¡ is the domain corresponding to the parallelepipedic sheet of metal. The surface of Ω is denoted by Γ .
• 0, f tTt  ∈=  is the time variable.
• ( ) The thermal evolution of the material during the process is described by the following equations : The heat exchanges are quite difficult to estimate. For natural convection phenomena, it is usual to take into account an exchange coefficient h which is often determined from thermal considerations. Several boundaries have to be considered :
• on the upper face, Hadamard (1923) introduced the notion of illposedness in the field of partial differential equations. A problem is well-posed when a solution exists, is unique and depends continuously on the initial data. It is ill-posed when it fails to satisfy at least one of these criteria. It is well known that most of inverse problem occuring in thermal situations are ill-posed since solution is strongly affeted by data errors : initial state, measurements bias, discrete approximation, … In order to identify a physical parameter occuring in a thermal model by solving an inverse problem, iterative regularization principle is often proposed in order to take into account ill-posed situation. In the following, the implementation of a conjugate gradient method is proposed ; such a method leads to iterative resolution of three well conditionned problem : direct problem, sensitivity problem, adjoint problem. The interest of this approach for the solution of non-linear, ill-posed problems such as inv P , has been shown many times in computational experiments. (5) 
General conjugate gradient algorithm :
a
Adjoint problem for the gradient calculation

Sensitivity problem
In this paragraph, sensitivity equations are presented according to the method developed in (Beck and Arnold, 1977) . Sensitivity equations are written in order to determine a temperature variation resulting 
Evolution of θ + is described by the following equations: 
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By comparison between equations (1-4) and equations (11) (12) (13) (14) , the following equations are obtained : (Alifanov, 1994) .
OPTIMAL SENSOR LOCATION
Methods for optimum sensor locations often lay on classical optimal experiment design techniques. A commonly used criterion for optimal experiment design maximizes the amount of information in the collected data by maximizing the determinant of the Fisher Information Matrix, which hopefully minimizes the asymptotic confidence intervals of the identified parameters -D-optimality, see (Walter and Pronzato, 1997; Fadale, et al., 1995; Emery and Fadale, 1997) . As the Fisher Information Matrix is build using the sensitivity functions, such criteria often lead to maximizing the sensitivity function of model output to the identified parameters. Such a criterion has been used in a previous work for optimal sensor location, see (Autrique et al., 2000) . 
UNCERTAIN LOCATION OF THE SENSORS
According to the previous paragraphs, from sensor measurements, an inverse problem is solved and leads to the identification of the unknown heating source while its position or its trajectory is known. A methodology based upon the Gram determinant has been exposed in order to locate one (or several) sensor on the lower non heated side of the sheet of steel. Then, several situations can be considered :
• how many sensors have to be implemented ?
• how to ensure an optimal location for the sensors if the inaccuracy of the location can not be neglected. In order to estimate the effect of sensor location inaccuracy, a perturbation-kind technique will be used : a perturbed identification is undertaken while supposing an uncertainty in sensor location. The difference between the perturbed and the nonperturbed identifications will serve to deriving the sensitivity to uncertainty in location. This sensitivity may be used to study the robustness of the identification procedure.
PERSPECTIVES
As the continuation of this work, uncertainty on the sensor location might be taken into account as a nuisance parameter. Then optimality criterion can be defined in order to estimate the unknown heat flux without the determination of the real position of the sensor (for example, the S D optimality criterion in (Walter and Pronzato, 1997) . Such an approach, which seems to provide an attractive alternative, has to be carefully investigated. The next issue is to find out what should be the sampling time interval. Its determination has to be connected to the speed of motion of the source.
